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Abstract 
A control system of actuators based on ferromagnetic shape memory alloy is considered. The distinctive feature of the devices is 
the usage of the distributed magnetizing system and the pulse mode of magnetic reversal. A definition algorithm of ampere-
winding of magnetizing system coils with application of the methodology based on the inverse problem solution is developed. A 
mathematical model of the actuator considering influence of eddy currents and losses of energy on a hysteresis on dynamic 
processes in active elements is developed. The results of experimental studies are given. The values of ampere-winding in coils 
and delay time of a magnetic field in pulse control mode of the actuator with active elements from Ni2MnGa alloy are defined. 
The offered approaches allow raising the efficiency of the control system of actuators based on ferromagnetic shape memory 
alloy. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the International Conference on Industrial Engineering (ICIE-
2015). 
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1. Introduction  
Development of industrial control systems using intellectual materials in measuring and actuation mechanisms is 
on the front burner nowadays. Such intellectual material is ferromagnetic shape memory Ni2MnGa alloys (FSMA), 
which generate stress and change their geometrical shape in the magnetic field. This distinctive feature allows 
increasing conversion accuracy, simplifying design of devices, reducing quantity of the components subject to 
breakage or wear and, as a consequence, increasing efficiency of industrial control systems [1, 2]. Therefore, 
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development of the theory and the principles of creation of the control systems containing actuation and measuring 
mechanisms on the basis of FSMA is an actual task. 
2. Statement of the Problem 
The strict requirements are set up in the industrial control systems to actuation mechanisms (actuators). They are 
to have fast response time, small dimensions and weight. In familiar devices [3-8] the magnetizing system 
containing coils with the ferromagnetic core is used, that increases their inductance, the reaction time and mass of 
the device. In the paper [8] the actuator design is offered with two active (subject to deformation) elements from 
FSMA allowing providing stable position of the drive without continuous consumption of energy. We developed the 
design which uses positive properties of the specified actuator, but it has the distributed magnetizing system 
containing n pairs of coils without ferromagnetic cores, with pulse magnetic reversal of active elements being 
applied (Fig. 1) [9]. All the above allows increasing high-speed response, reducing weight and dimensions of the 
device. Usage of the distributed magnetizing system increases sensitivity and flexibility of control as this provides 
opportunity to realize the demanded laws of movement of the executive mechanism due to deformation of an active 
element in the magnetic field, created by separated coils. While in-feeding one couple of coils the length of active 
element increases by value nm' , where 'm – the maximum increment of the element length at in-feeding of all n 
pairs of coils.  
 
Fig.  1. General view of an actuator with two active elements (1), distributed magnetizing coil (2) and actuating mechanism (3). 
The purpose of the present article is to develop a control system of the considered actuator, to define active 
elements for ampere-windings of coils required for deformation control, and to assess delay time of a magnetic flux 
in active elements due to eddy currents, magnetic viscosity and hysteresis applying the methodology based on the 
inverse problem solution. [10]. Devices for program setting for implementation of the demanded law of movement 
of the executive mechanism and formation of impulses do not differ from the known ones, therefore are not 
considered in the article [11]. 
3. Computational  algorithm 
The algorithm of the inverse problem solution for definition of coils’ ampere-windings iw consists in performing 
the following stages for every ,...2,1,0 k : 
 
A. at  kiwiw   direct problem to be solved: calculation of three-dimensional stationary magnetic field by method of 
final elements. Internal cycle of specification of magnetic permeability of active element with the use of 
dependence B(H) is applied. As a result,  kzH min  in active element is defined; 
B. the value of target function     kk iwJ  to be calculated and fulfillment of the condition to be checked; 
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where H – set fractional error, zH  – z-component of intensity of magnetic field, at which lengthening of active 
element along axis 0y is maximum ('m). 
If the condition (1) is satisfied, the external cycle of calculations is completed, the target value of ampere-
windings  kiwiw   . If the condition (1) is not satisfied, we pass to the following stage. 
C. We minimize the target function by gradient method and define the following approximation 
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where  kt – step. The derivative in (2) to be defined in number. 
D. Coming back to point 1. 
 
For assessment of magnetic flux delay time influencing high-speed response of the device, we transform the 
Maxwell’s system of equations which describes three-dimensional quasistationary electromagnetic field using 
vector magnetic A
&
 and scalar electric M potentials to the view 
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where j
&
 – current density in coils; J – electric conductivity, P – magnetic permeability  of ferromagnetic elements; 
P0 – magnetic constant. Equations (3), (4) are valid for ferromagnetics, (5) – for coils, (6) – for other space. The 
solution of the given equations system with the corresponding boundary and entry conditions is carried out by 
method of final elements [10]. 
 
Not only eddy currents, but also magnetic viscosity and losses of energy on FMSA hysteresis have impact on the 
dynamic parameters of actuators. 
To consider magnetic viscosity the Georgie's equation is added to the system of the equations (3) – (6)  
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where Bs – saturation magnetic induction; T0 – magnetic viscosity constant; stH
&
 – coercitive force of hysteresis 
static loop. 
 
To consider losses of energy on a hysteresis Jiles-Atherton model is used. [13, 14] 
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where Man – unhysteresis magnetization, that is magnetization that would be in case of absence of closing domains 
wall process; ɫ –elastic displacement constant of ferromagnetic domain borders; k – positive constant of 
ferromagnetic properties; D – positive constant of magnetic domain coupling,  
 dtdHsign G ; ^ ` ^ `^ ` ¿¾
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¯
®
­ !!
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00,1~ anan MMdHMMdH   
The equations (3) – (8) form mathematical model for dynamic parameters study in the devices containing active 
elements from FMSA. 
4. Results and discussion 
Experimental studies of the actuator with two active elements (Fig. 1) were carried out to check the offered 
algorithm and the model developed for control system of the actuator on the basis of active elements. The active 
elements made from Ni2MnGa alloy in the form of parallelepipeds with 2021 uu  mm sizes produced by Adaptamat 
Inc. were used. [15]. 
Dependence of B(H) and specific electric conductivity 81065.1  J  Cm/m of FSMA is considered to be known. 
It is required to provide 6 n  discrete conditions of active elements. Fig. 2 shows the sizes of the magnetizing 
coils: A = 3 mm; B = 2 mm; C = 0,5 mm; H = 2 mm; LS = 0,5 mm; R = 0,2 mm. 
 
 
Fig. 2.  Form and dimension of a magnetizing coil segment. 
It is necessary to define ampere-windings of each coil with which the minimum intensity of a magnetic field in 
active element meets t zz HH min  condition. For the material chosen 370 

zH  kA/m. 
On the basis of scoping calculations     40000  iw  A. On the iteration 5 k     100005  iw  A is obtained by 
using algorithm of inverse problem solving for determination of necessary ampere-windings of coils. In this case 
magnetic field pattern in active element from FSMA takes the following form (Fig. 3). Fig. 4 shows distribution of 
magnetic field along active element. 
Application of model (3) – (9) for determination of dynamic parameters of active elements from FSMA in some 
cases is complicated due to the lack of data in literature on values of constants (T0, ɫ, k, etc.) at calculation of 
influence of viscosity and losses of energy on hysteresis on these parameters. Experimental definition of constants 
for active elements from alloy Ni2MnGa is planned in future work [16]. At this stage of the research delay time of 
magnetic field may be estimated approximately, considering that the energy losses caused by eddy currents make 
one third of total losses. Then, the total delay of magnetic field is defined by ratio ecW W6 3 , where ecW  – the delay 
caused by action of eddy currents. As shown in [17], for active elements from FSMA 2.0 Wec ms. Hence, duration 
of control impulses is to be more than 0.6 ms. 
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Fig.  3. Pattern of magnetic field in active element from FSMA 
 
Fig. 4.  Distribution of magnetic field along active element 
5. Conclusions 
Application of active elements from FSMA in actuators of pulse magnetic reversal allows increasing high-speed 
response, reducing the weight and dimensions of the device. Usage of the distributed magnetizing system increases 
sensitivity and flexibility of control due to realization of discrete control mode. To choose optimum parameters for 
control impulses it is rational to use the developed algorithm for coils ampere-windings definition of the 
magnetizing system with application of the inverse problem solution methodology and the developed mathematical 
model of the device considering influence of eddy currents, magnetic viscosity and losses of energy on a hysteresis 
on dynamic processes in active elements. The approaches offered allow solving a problem of efficiency enhancing 
of synthesis of actuators control on the basis of  FSMA. 
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